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Fy - The basie problem of this partiqular investigation was to 

of doterine the stress concentration factors presant at a shoulder in 
the root section of a model propeller blade manufactured from 765<T 
alin alley, Tho rartioular ceonetrie section sonsidered 1s found 
“i din the typo peopeller blades auch ac will ba installed soon in the 

: - goutier California Cooperative Wint Tunnel, Pasadom, Galifornia, 
“Theso blades wore manufactured fron forgings of 768-7 by the Henilton 
‘Standard Propellor Division of tho Unitod Airera®s Corporation, 

_ ~Btross consentration factors wore determined for what will be ealled 
‘the “eritioal section" of the blade. This section is understood to 
i mean the erose section of nintmm area which 1s located Lmodtately 
above tho strosaeraising Mllot at the junetion of the blade Iteol? 

% ‘ and the reot flange. 

id A secondary purpose of the investigation we te eorzelate thase 
~ "date vith tuo other cxorinente thet had alroady boon oarrted out for 
thie particular blade shape. These earlier experiments determined the 
Sagat balee of aa@face strossea in the eritienl section, ono utilising 
a full-sealo, throg—dimonsional model, and the other a tiyg-dimensional 
full scale model one-inch thick. Both of these experinenta utilized 
static tension loads, the loads being applied over the upper surface 
of tho flange, exactly as they are asgumed to act when the blade is 

_ Fetating in the wind tunnel. Also, an attempt ime made te eanparc the 
data obtained in this investigation with othor fatigue tosts of a more 
general nature. 
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The tests madé@ in this orosont investigation wore all of a 
 fatigno nature, in which one-tenth goalo nodols of the actual blade 


were used as fatigue specimens. Two types of loading wore used. The 


q fret consisted of a eyelie lending betwoon varying upper tension 
P limits te sere stress, and the second eons’.ste. of a conatant upper 
tension stress Minit with wrying minimm strooses. 
| Pests were eondueted using an uppor teneion naztnal stress 
Limit of approximately 26,000 pai and wore oxtende’ to tenaion 
stresses of lower values which gave a fatigue life of more than 25,000,000 
Gyeles, Due to the slow rate of Loading (2,500,000 por dey) in the 
| Semntage Universal Fatigue Festing Machine, the investigation ves 
ae eontinued to the generally accented velue ef 500,000,000 sycles 
which marks the upper cyclic linit of fotieus investigations, 

It was found that stress concentration factors dotermined fran 
this type of fatigue testing came surprisingly close to those dotorninod 
fron the full-seale, throe=dinensional, static testa. 

Tho selection of the type loadings used we not ontirely 
arbitrary. The stress cyele which varied from sero to a poal: tension 
value and then to zero again would closely simulate tho loadings in a 
startestop a@yele; while the suporposition of a ayelie stress upon a 
pteady tension load would result in approximately the typo of Leadiag 
experienced by the blade when it was rotating at a constant angular 
speed iumdor acroclastic axlal forces. 


iv 


Method of Spocimen Fixture During Testing 


Methods of Loading 
B, Results and Discussion 
ss: DAseuseien of Results 
Correlation with Other Toste 
TV. Conclusions 
ay Recommendations for Further Study 


Mothod of Teoting and Stress Moasuroments 


PAGE 


DS he ae a ee 


LIST OF TABLES 


NUMBER Aap 
I. Propollor Blade Model Fatigue Test Resulta a4, 
II. Reaults of Fatigue Teste with Varying Minimm Stresses 25 
III. R. R. MOORE Patiguo Test Results | 26 
Iv. Stresa Concentration Factors for Propellor Blade ai 


Models 


- Pailure of Wind Tunnol Propeller Blade 

| ‘ Patigue Specinen 

Fatigue Specimen (Detail) 

Jones and Lamson Optical Comparatar Chesk of 
Specinen Dimonsions 

Holding Jig 

Spesinen Mounted in Holding Jig 

| Schematic Dingran of Test Bauipmont 

Test Setup 

Specinen Mounted in Multiplying Fixture 
Diagran of Electrical Equipment 

Specinens After Patlure (fop View) 
Speeinens After Failure (Side View) 
Typical Helland Record 

Fatigue Test Results (Parte I, II, and III) 
Fatigue Test Results (Part IV) 


I. DNTRODUCTION 


, He: The nechanisn of fatigue failure in various cenponente of 
— has long been one of the great unsolved mysteries of the 
_ physical world in which we ilve, Sineo no analytie solution exists, 
y.: the fatigue life of a particular material hes, at tha progont tine, to 
: be determined experimontally, Evon exporimental results, soning fron 
» @arefully controlled tests, are sometines misleading and incongruous 
3 and, thoreforc, must be esrofully analyzed before being used an the 
actual dosign of machinery, Motallurgicel seionse, eonfronted with 
@anands for alloys of increasing tensilo stroncth, hardness, ctc., is 
( einilarly challenged with the nooessity of kooping tho increase in the 
j resistance to fatigue in proportion to the improvements in othor 
: Characteristics, It has, therefore, been nosessary to conduct sountlosa 
experiments using specimens of varying sizes, shapes, and material, 
. under different eonditiona of leading, in order to commulate a vast 
. amount of data, all of wiich someday may load to a vital clus te the 
factors influencing fatigue properties, It is hopod that this emeri- 
-—s ment may be one of tho building blecks which evontually vay pave the 
oad to such understanding. 

Th’s project was conducted by the author, end Licitenant Join 
C, Kanc, 5. S, Mavy, at the Structures Laboratory of tho Gugronhein 
Aeronautical Laboratory at the California Institute of Technology, 
Pasadena, California, under the muidanco of Pr. f. f. Sochlor, during 
the poriod fron 15 Hovomber 1949 te 1 Mey 1950. 

This oxporinont, althouch of limited coneral vaiuc, had as ite 
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be 
be 


ee? purpose tis investigation of the fatigue life, and henso the stross 


 @lioy and had as 0 distinguishing design fouture a 3/1é-ineh radius 
nd ‘eirolar fillet at the root flange, After 3000 hours of operation, one 
of the blades in the propeller assembly failed at the root. A picture 


 € the failure is showm in Figure 1, The failure consisted of a 


eomplste fracture at the flilet wich: closely resenblied a typical 
fatigue type fuilurc. wofore deeiding on the design of a rnplacement 
blads, several different sapes wore considered. Statics tvoelinonsional 
tests wore mm on proposed designs, all of which attempted to determine 
| uhieh of thon would minimize the eoneentrated stresses ut the Pillot 
and yet mect the other geometric specifications dictated by tunnel 

| arangonont, ‘The nov designs utilized flanges of varying depths, oni 
fillets of various eirewlar and elliptic shapes, The final decig 
selected was one having a 3’»inch deep flango, and a 0.75<inch cirevlar 
filiet. I% was determined to sondust the present Investigation te 
Sorrelate the stress concentration facters as determinod from static 
tests wit.. thoce determined in an invostization utilizing cyolie, or 
fatigac, loading. 

Beeause of the wmeonvonticnal method of applying the ayelic 
loading to the svecimen aml boenuse of the many paramoters influoucing 
the tests ouch as Gpeeimen fixity in the holding jig, presonco of 
bending stresses, and glight dinons‘onal inconsistencies anong the 


3 
several spocinens tosted, o%0., the results as publishc’ horein are 


fot moant for emet quantitative use in tho design of Sitimes oropeller 


Blades, tt aro offered merely ag an indication as to how furtlor 
fatiges toot: of this nature may de concucte’ and in order to cive 
the designer « feneveal corrolotion betwoon stetically cui cralieally 
determined stress soncentratlon values. 
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TI, EQULPMEST AMD PROCEDURE 


All of the specimens used wore manufacbured from an original 
; shed 768-% propellor forging. The specinena wore eut from the 
material taken froa the widest and thiekest part of the blade and 
_ wore mashined with the axis of symmetry running "with the grain", 
BME paratie: to the long dimension of the forying. 

The spocineng wore constructed to one-tenth caale and are 
shown in dete4l in Figures 2 and 3. Tho dimensions vere obtadnod 
fom the original SoCalCvT blucprint Mo. SK~16000, Change A. Because 
of the snell dimensions involved on the model, certain ninor foatures 
of the original blade could not bo accurately incorporated theroin, 


a 7} 


Theage includes such things as the taper of the eontral hole, various 
attaching sountersinks ani holes, cte. It is folt, howover, that 
none of theso features ag ovitted in the specimens had any significant 
effect on their fatigues life, 

The ooantral hole drilled in the specimens vas of constant 
diaseter, This diameter wn arrived at by determining tho aise of 
the hole in the original blade at ite mininum oress sectional area. 

Because of the proat inportanes of surfaco finish in tho 
fatigue life of a specimen, (ef. Rof. 1), tho surface of a1) models 
wes polished to approximtely 5 microincheo, Great care was exoreiscd 
during the tosts to insure that no tool maria, scratches, or othor 
surface imcorfeetions wore imtrodueed uhich might cause localized 
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 gurfaco stress concontraticns ond « resulting premature fatigue failure. 
| Phe contra holo woe first ariliod with a stenderd drill, then vas 


hans polished with levigoted alumina on s mill woden dowl, ‘sam 
‘ 4 ation cf failed specimens did not indieate any faticue arasia 

a Hgicating from imperfeetiions in tho ourface of the centrul holes. 
© profore, it is angumed that the above process wa ontirely satis 
: factory for the requirements of this projost. 

“on Ag a chock on the dimensional accuragy of the nachining 
operations @ speeimen waa chosen at randem and checked in a Jones and 
‘Yansen Optical Comparntor. The results of this check wre good, and 


_ they aro showm in Pipe 4. 


The specimens wore mounted in a holding jig designed ty the 
Anvostigators and constructed in the GAICIT uashino shop. It ts 
“ghoun in detail in Figures 5 and 6, Tho jig approximated tho fiscture 
of the propeller »lades in the wind tunnel exsept that no provision 
was made for the ring elamp that holds the blade a fow inches above 

the firture on the flango. Sineo tho criterion of thic investigation 
me for pure axial tension with tho absence of bending stresses, it is 
feit thet tho onission of this clamp ws of no creat inportanes. Tho 
holding jig appliod the load te the upper surface of the flange 
exactly as it 1s applied ty the restraining forces on the operating 
blade. The loaded surface of the modo] is an annular erca on top of 
the flange, the mean radius of whieh ds 0.355 inches with a thicimess 


6 
ne to the anali Almensions involved 16 we fel 
! 7 fae not bo prastioatie te lood the amecimon over ouch « 
1 are. Ao eo result, one test specimen having a root dinno*or ef 
9 Acting end an annular leading croa, tho thielmecs of which was 
pprexdzy: tely double that of tho emet sanle usdel, ws constructed 
mx i tata Compariny tho fraeturce anil appocrancs, efior failure, of 
the @ enlaryod specinen te that of the exch ssaale model failod to 
ind fiteate that the smeallor omet seale specimen wag not omitrely satige 
3 therefore, tho omet onoetenth ceale models only were used 
; ie nr tho remainder of the invest:iition, | 
Fhe Yoads, all of “hich wore tonic, wore aetmlly Antroduesd 
“Ante the model ty the contact of the eap ring of the holding fig os 
phe wm in Piguwoe 5 and G, Tho first cap ring used was monufactured 
from mild steel end was 0.250 inches thick, After approxinately 
re 0,00 30,009 test eycles, ono of the origins chrowtiimeplated stool 
lin “ > nerews usod to fasten the cap ring failed from fatigue. 
ieroseop.e oxknitetion of the fracture showed o serious ceslusion 
ok the material at the point of failure, AMer this particaler sorew 
had nd failed, the loading oycle sontinued a fow seconds wrtll the machine 
i Gould te stopped, During this time the aigh leads inposed cn the 
_ waauygoted portion of the eap ring eaused it te warp bully, meldag it 
unfit for further uso. In ordor to inorease tho rigidity of the catire 
NXg a replacement cap ring ws mado from high strength steel with a 
 thicimess increased to 0.3750 inches from the original 0.250 inches. 
: { The holdiag serews vere ropleeod with qinech Allen bolts. After these 
| - ehanros wore nade the tosts proceoded without further trouble in the 
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The goneral setup for the oxperiment is show in Pigures 7 and 
 B. The strain gage wiring is chow in Figure 10. 

leads introduced during fatigue testing wore measured by threo 
_ typo Aq1 Baldwin Southwark oloctrieal strain gages uomted axially on 
the surface of the specinen, The location of the gages is showm in 
Pigure 2. Tho gages wore mounted by the following practice: the 
surface was roughened with No. 00 sandpaper, cleaned with solvent and 
then air-dried, The radial loeation of gage centerlines was ascourately 
determined by placing tho specimens in a lathe and then by dividing 
the ciramferonce into 120 degree ares, Gages wore fastened with radio 
gervice cament, then wore weepped with sevoral turns of carpet thread 
te hold then in place during drying. Uniform drying was accelerated 
by baking the specimens for cight hours under infraered lamps at a 
mean temperature of 150° F. This process completed the polynorization 
ef tho adhesive. Had this not been dono, the cement would havo 
remained in an wstable eondition for several days and any readings 
taken during that time would have boon inaccurate. 

Before commencing the actual fatigue teats, an attonpt we 
meade to verify the gage factors as published by tho manufacturer. 
Extensive teste on the performance of the A=] type gago were conducted 
by Campbell as described in Reference 2. The results of Campbell's 
tests on eight, A~-1 cazes, solocted from rendom lots, are shown in tho 
following table: 


Gage Factors 
Gage Resistanse diner, decr, 
Oe dn ohma strains strains 
1 120.7 2.028 22065 
120.5 22044, 2060 
3 120.5 2.056 22064, 
4 120.5 22064 2-070 
5 120.5 2.037 20074 ah 
6 120.4 22054 ° , 
7 120.5 2.058 2.076 
8 120.5 2.060 2070 
Mean 120.51 200501 2.066 


These teste closely corroborate the factor of 2.04 as published 
by Baldw'n Southwark: for the let (Lot. no. 2") of strain geges used 
in this oxoerinent, The pare factara of threo arbitrarily selected 
"Ae gnges ap doternined experimentally by the investigator on this 
project averegod 2,063, and ware arrived at by the following procedure: 
An arbitrarily selected seale sneeimen we mounted in its holding jig 
and loaded in statie tension in a Rehle Beam-balance Tasting Mechine, 


The strain gares vere wired ep shown in Figure 10, Loads were applied 
from zero to 2000 ibs. in inerements of 500 lbs. Gage voltegos wro 
measured by a Loeds and Northmp Potentioneter, Prior to testing, 


all clectrical connections betwoon the gage wires and the lead wires 
wore chesked with a vacmm tube olmmoter for shorts and high resistances. tf 
All gages except onc, wirieh was ropleced, were fond te be satisfactory 
in thio respect, 

Apyroxinately ten oanplote cycles of loading were necessary 


before tho gago readings settled down to uniform increments as the : 
loads were appliod and romoved, Due to the design of the Riahle 
machino i? was impossible to ronove all of the bending in the specimen 


to caloulate the gags factors for those three gagos 2s long as tho 
is epplied stresses, the potent! ouster deflections and the bettery 

P  Woltage vere knowm, Rasults of these testa indiested that the factors 
, for the throo gages selectod were 2.07, 2,07, and 2.05, Conbinine 
those rosults with those determined by Campbell and with those ub- 
lished by the sanufacturer, the strain gaze factor Por all gacos uscd 
during the romainder of the invostipation ws taken ag 2.05, 

The powsr supply for the oloetrical strain neasiming cirauts 
WOB oO piindard three-coll, 6 volt, wot storage battery. 

Stresees during oyolie lostings in the fatigue tests were 
measured as follows: 2 testing pancl, designed and built by if. 
Marvin Jessey of the Gugrenhein Aeronairtical laboratory, pernitted the 
introduction of a Metitious stress trace into a Holland Recording 
Oscillograp: wich gave the sams indication on the reeording paper as 
an applied end lead of 2000 Ibs, acting on the specimen would give 
through the three strain cores. The introduction of this Fictitious, 
oF alibration,trece was accomplished in the following manners By 
disconnecting tho three strain gazes from the testing panel and 


ect of this vending was eoncelled by talcing the avernge of the voltage _ 
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substituting a precieion variable resistance in their pleco, it ws 


possible to determine the resistance which, when placed in tho cireuit 
4nstead of a gare, would cause the seme potentionoter deflection (in 


_ millivolts) as if a 2000 1b, lead were applied to the speeinen. 


Precision wire-vound resistors of the above values were then wired 
inte en arbitrary cirouit of the testing panel. When a pushbutton 
suitch was closed, all cthor eireuits were deénergized exeept tho one 
containing the fixed resistors, This circuit, when fod directly inte 
the Heiland, caused the fictitious 2000 lb, trace on the recording 
papor. 

An additional useful feature was built into the test panel by 
inecorporating a variablo rosistance in series with each active gece. 
By adjusting each ef the three resistors when the specinen was unloaded, 
the potentioncter dial could be completely zeroed, thereby making it 
unnecessary to subtract original zore reference readings when actual 
strains were measured during the tests. 

The fatigue tests wore conducted in a Somtag Universal Fatigue 
Testing Machine, Model SF=1-U, Serial No. 492004. The stendard 
miltiplying fixture ws used in whieh the valuss of dynamic and 
static loads as set on the machine Indieating dials wore miltiplied by 
5, Cyclic leads were sot by adjusting the ocsentris length of the 
rotating weight, vhereas static preloads were varied by changing the 
tension on the main support springs. A complete description of those 
adjustments is given in Reference 5. Spring tension was measured with 
a built-in micrenetor uhich indieated spring deflection. Tho spring 
constant for this partieular machine was that .001 inches represented 


12 
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4017 ibs, of static pre-load, Accomiing to the medhine specifientions, 


11 machine lead—neasuring devicos were aceirate to plus or minus 2 


a 
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‘per cent. Subsequent strain goge checks verified this contention, 
ss Speedimena were mounted in tho machine by means of tho holding 


ere previously described, After the ji¢ ws nomted loosely in the 
Rieti ne (Mimwe 9), all strein mpes vere zeroed, The prip holding 
gerows (Pioce No. 9, of die Mo. S04%7eL of Roforence 5) wore then 
| tightened, leaving the wrer colum support ring leose. Because the 
tests wore run 4n tension only, the spherioal ecamreasion seats (piece 
Mo, 5 of the samo drawing) ware removed, The desired proload ws then 
set by adjusting the spring tension and the cyclic loed set by wiry 
the ecesntric am, After the maciine was run a few ayeles to permit 
the ball gects to becane free, it wae stooped and sore readings vere 
Gheeked agning Tt we asmmed that umiform veltere Inerements for the 
three races indicated no bending, at least when only the statile load 
wae acting, Mcafor varietions in these check readings wore oliminated 
by adjusting the tension on the twelve erip serous. Finel gage 
uniformity ws achieved ty adjusting the tension on the stuls that 
f tiphten the upper colum olemp ring. Zcfore the teste wore actuslly 
started, all three cage readings were brought within plus or minus 20 
mierovolts of each other, 

Whon all these preliminaries had been completed, the machine 
wes sturted end the test bomm, Dynenie measurements wore thon taken 
ag follows: The awitehes for all three cares on the testing panel worse 
sot to the "GAGE" position. In this position only tho sero readings 
were transmitted to the Nollenm’ and therefore only a streight, 
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were load level. The switchos wore thon sot to "HETLA'D" which 
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undeflected trace appoered on the pasor. This trace roprosentod the 


_dmtrodueed the simusoidal traces representing the ayelic part of the 


ra 


load, These cyclic stresses wore displaced fron the sero lead level 
ty an emount corresponding to the static prelond, After these roads 
ings wore made the machine was sinzt off and another "HEILAID" trace 
was made. This trace we another straight line, displaced from the 
zero load level by an anowtt corresponding to the statie proload. 
Next, the pushtutten switch on tho pancl was depressed, This intro= 
duoed the previcusiy deseribed calibration trace sorresponding to the 
arbitrary load of 2000 lbs, Tho rosording tape for the run wos then 
Gomplote, Using this Inst trace ans a measuring seale, all othor loads 
appearing on the recom gould be moasured qunntitatively. A typioal 
Hedland record for one ron is shown in Figure 13, Sisnals of ocual 
emplitude fron o22 nave indicated the optimum condition of no bonding, 
In every test run the amplitude variation botwoen gages wag less than 


3 per cont. 


Helneds of leading 


The experiment was divided into four parts. Part I consisted 
of the proparation of a basic A, R, MOORE rotating beam 8-3 eurvo fer 7 
768-T. Standard R. R. MOORE test specimens wore fabrieated aecoriling 
to the specifications in Reforenee 4. Fourteen of these syvecimens wore 
used, all of which were finished to a high polish in tho fracture 
area, Thoy wore run to failure in four separate FR. R, MOS Testing 
Machines, sorial mmbors 266, 265, 270, and 271, sll of which ran at a 


13 

 naminal epood of 10,000 RPM. The endurnnes Limit, or stress at which 
the ppecinons did not fail efter 500,000,000 eyeles, wns dotorained to 

¥ _ be approximtely 22,000 pei. This eorroborates tho values given by 


No, 2 in Firwe 14. 
st 4a generally agreed that any fatigue data mst bo evelunted 
with respect to the type ef loading applied to the specimens. The 
actual propeller models (in Part IT) wore loaded over their entire 
erosm—cectional area, but in the 2. 2. 10ME type of loading only the 
outermost fibers in the section were subjected te the apparent etresses 
indicated on a KR. fi, MOORE SH ewrve. As a result, it ws decided te 
run a con@urrent cxporiment in vhich um-notened specimens wee fatigued 
by axclal leads. A curve showing the rogults of this typo of test for 
g@nall, polished, wmotehed specinens of 765-T was supplicd to the 
investigators by ie, R, L, Teaxplin of the Aluminum Comony of Ancrica, 
but a few verifying points for the forring used in the construction of 
the propeller specimens were desired. Three omcoth, umnotehed specineng 
were tested in the Sonntag machine wiler cyclic loadings which wont 
from zero to varying upper tension limits and then to soro again. The 
dienster of these specinens and those used by Alcoa wore all less than 
one-half inch, These three sheck points fe?" well within the assumed 
goattor band of the Aleos curve, (owe No. 1 of Figure 14). This 
exporiment was eonducted in the same mechine ond under oxmetly tho 
game gonditione as preveiled when the svoveller modelz wore tosted, 

Tho main part of the investigation (Part IIT) involved the 
actual testing of the babcaiies models. Hine scale specimong were 
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1 
used of which two did not fail, This test utilized a cyclic loading 
of pure tension. The cycle commenced at zero, rose sinusoidally to a 
peak value, and then returned to zero, This loading was introduced 
by setting a static preload equal to one-half the desired peak value, 
and then by superimposing on it a completely reversed cyclic load 
whose half=-amplitude was also equal to one-half the desired peak value, 
The resulting loading is similar to that shown in the Heiland record 
of Figure 13. 

In order to determine the upper stress limit for this test, an 
assumed stress concentration factor of 2.0 in the critical section was 
used. Machine settings were adjusted to bring the apparent stress in 
the critical section to approximately 40,000 psi. As the tests 
progressed, the loads were reduced until the stresses were such as to 
give an endurance life of more than 15,000,000 cycles, The final S-N 
curve showing the results of this test is shown as curve No, 3 of 
Figure 14. 

The last part, (Part IV), of the investigation consisted of 
testing four more specimens in a different loading schedule, A 
constant upper nominal stress limit of 28,000 psi in the critical 
section was selected, In the first specimen, the lower limit was 
zero; in the second, 5580 psi; in the third, 11,200 psi, and in the 
fourth, 16,840 psi. The results of this test (cycles to failure) are 


shown in Figure 15. 
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e 
TII, RESULTS AID DISCUSSION 


The R. Re MOORE endurance limit of small, polished, wenotched 
. “speeinons of 766-T alunimm elloy was verified te be in the neighborhood 
of 22,000 pat, 
| The teste of three small, polished, wu-notched spoeimons of 
zs. 768-7 alumimzs alloy in an axial-loading Sonntag Universal Fatigue 
: Testing Machine (1900 eyeles per nimite) gave data pointe that 
_ earrosponded almost exactly to those determined ty Aleca in cinflar 
| tests of the sane alloy. 

The stress goneentration factors oxisting in the eritieal 
 seetion of seven model propeller blades loaded in toncion wre foun! to 
¥ average 1.975, Stress concentration factor as used in this report 4s 


, * Apparont maximm stress" is defined es the stress determined from a 
$8.8 curve for similar umenotched specimons es a fimction of "eycles to 
failure", "P/a" 4c defined as the applied axial load divided by the 
crosa-ceetional area at the eritical sestien, Tho loading in those 
teste consisted of a constant static tension load upon whieh were 
* Imposed eyelio loads whose halfeemplituies were equal to the static 


load. 


The cycles to failure determined in the testa of Part IV in 
which the upper tonsion stress limit was constant at 28,000 pei, and 
the lover tension stross Limit was varied between sero and 16,900 pei, | 


vig a 16 

; q are plotted in FPiguro 15, PBoeauso of the anall mmber of specinens 
; _ tested, no emet conclusions ean be reached, but tho rosulte bear out 
} the naturel supposition that the mmbeor of cycles to failure deereasos 
86 the overall. arene range increases, 


Although 1¢ ig impossible to separate and evaluate thet: 
individual effeeta, many sources of error are present in any fatigue 
test. The sources of error in this investigation wirieh may tend te 
invalidate the test results como prineipally as oa result of the 
unique method in whieh the actual loads were applied to the specimens, 


{ ‘Pho great majority of fatigue investigations that have alroady been 


 Gondueted by the engineering profession have sonsisted either of 
rotating bean teats or straight push-pull tosts in which the specimens 
have been continous pieces of netal held batwoen two machine eripa 
of one form or another, 

Two possible sourees of error inherent in all tests are (1)nonm 
homogeneity of tho matorial, and (2) emall defects in the surface, I% 
is generally acospted that faticue failures are of e vrorrossive 
nature, beginning where "the rolatively highest stresses ge te work on 
the relatively weakest parte". As a result, any loeslised stross 
Concentrations such as would como from mieroseopie tool marks or 
interior occlusions would cause lower ondurence Limits than would be 
exhibited ty theoretically hemegoncows, perfeetly smooth sposinens. 
The offect of any non-homogeneity ia felt to be ontiroly secondary in 
these tosts, in that stress eoneontration factors wore dotermined fron 


“| ——— 
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| ghould be. Non-hemogeneity 19 not only # possible factor, tut 1% 4s 


 Anovitablo, Small occlusions and surface irroguleritics are present 


_ 4n propellor blades nanufactured under the nest rigid specifications, 
go ean 4 logical eonclusion, ay amali soale studies not only should be, 


| but gust be made of tho same material. 


Anothor faster thet eannot be ovarlooked is the vossthility of 
emcll ourface scratches in the noighborhood of the "eritieal session". 
The specimens were made hy expert machinists working wmder the beat 
sho conditions, but the anall dimensions in tho oritical sections 
precluded nicroscepic surface survers. It is, thorefore, larrvoly a 
natter of conjecture as to how sorions any surface irrorulerities wore, 

Remanboring the previously doseri bed orlterion for establishing 
stress concentration factors, it 4s easily soon that asswaption of 
nidtenn angeler stress distritution over the critical section wa 
probebly very optemistic, This distribution would exist only in the 
absense of bending and in tho presence of uniform elromforential 
@lamping prossures, Many investigaters have ton disturbed by the 
difficulty in loading a fatieas specisen in pure axial tension oF 
compression with the absence of bonding, Inciuiing the author of this 
report. Although the strein gacos indieated that bonding was rotueed 
te a minimm at the boginning of the teste, there in no justification 
for assuming that auch loading existed as the individual tests pro- 
pressed. The jig holding bolts loosened repeatedly during the tests 
and had to be tightened periodically. This olimimated any possibility 
of constant [lane pressures, Also, at the end of the investigation, 


Gidered in evelueting the results of these tosts, 

All of the foreroing present the unfavorable side of the 
picture and tend to indisate that oll the data mst bo viewod with 
Suspicion, However, tho scatter band obtained, and the goneral 
suscassion of points plotted in Pirure 14 indleate thet tho results 
are worthy of sonsideration when decisions: concerning the geonctry of 
the oritioal section of a propeller blade are being nade. 

Before the results of this investigation can be applied te the 
fuil seale propeller blada, the offeet of relative sizes nust be 
considered, No analytic relationship betwoen omlurance livos of 
emall and large specimens of similar shapes is vot imam, although 
; many investigators have show that a noteh, or othor streso-raisar, 
| has a mush greeter effect on the actual large part than is indicated 
by laboratory teste of enall scale nodols, Sachs, in Reference 6, 
found that the endurance Limit at 10,000,000 cycles of a 3-inch 
diameter magnesium elloy propeller ws 7000 to 10,400 psi, but when 
the diameter was increased to 4) inches tho endurance Limit dropped te 
4600 to 7000 pei. 

fhe opeed of loading appears to have little effect on the 
endurance of alwuimm alloys. fTosts sonducted ty the National Breau 
of Standards (Reference 7) shawd close agroenent between fatigue 

— conducted at 900 and 12,900 creles per mimite. Other investigators 


I9 

mm. o 

_ have shown that this agreanont is good w te and including 30,000 
—s eyeles per minute. 


shape conducted by tho Cooperative Wind Tunnel, as disousced in 
Referones 9, showed a stress soneentration factor at the eritical seetion 
of about 1.90, @his velus is in good agreanont with the avorage 

factor of 1.875 as dotormined for in this investigation, and thorofore 
indicates the usefulness of this type of fatigue tosting. Tho loads 

in the statis test vere applied to the top of the root flango omotly 

as was done in the fatigue tects. Tho ciatic stress concontration 
factors are defined as the ratio of measured stresses on the surface 

of the eritieal scction to the nowinal )/A stresses wiich are assumed 

to exist wmifcormly ovor thet orcas section, 

As would be oxected, the tvo-dicensional tests indicated much 
higher strosa coneontration factors. Reference 10 gives the ratio of 
meagured Gurfaco stresses tc nominal strosses in the eritical scctica 
es belag in the neighborhood of 315 for the two-dimensional model. 
Phetoelastis investigations such as are reported on in Referenee 5, of 

two dinersional axially leaded models having the same ratio of fillet 
vadius/oritiesl diameter as the propeller models, show a strose 
Goneontration of 2,13. 


> ee 
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IV, CONCLUSIONS 


1. The endurance limit of Bi. polished, imnotehed s»oeimons 


testes as rotating cantilever beans, 

2. The high-atress portion of tho SelM eurvo for 746-7 under a: 
4 - axtiel push-prll loading, es published by the Alumimm Coweny of ma?) 
“ Amorion, 13 osseatially vorified, Bs. 
me: 3, The stress concentratlon fagtor axisting at the ertttiecal ; 
a section of a one-tenth seale uodel. of a wind tunnel promller dledo 
- mamfaetured from 768 43 in tho noichborhood of 1.975. 

he Stress goneantration factors established tron f4ieu0 
testing are essentially lover than those dotemminod fra: static teats 
of tyo-dinensionsl models, 

5. Stress concentration factors determined fron carefully 
conducte? Pattgne tests ere of great value in deslendng the shapes of 


certain eritiosl sections, in that fatigue testing makes uso of 
alternating loads meh os the sete) PxLl~seclo part vill omorienee 
when in servios,. 

6, Strese sonoontration factors sstabliahed fron fotimue 
testing of onotenth secle propeller models wore essertially the same 
28 those dotaminod in static teste of full-ceale bletes, 

7, Thore do en indiertion thet stress concontration facters of 

@aall speeimens are not depondent on goomotry alone, but tend to 

: _ deerease as applied loads over the cross sections are lowered, This 

4s suggested by the relationship betwoen the slopes of exrves “lo, 1 


pas 


8 In teste utilising ayclie tension loods only, with a fied 
por ‘Strong lirkt, the fobigue life of a aull, polished, uropclier 
‘a 9 nodel of 74G-T dcercason an tho ratio of  mass/ nin dn tho 
Gyele increases, 

| Qe Streag conoontration factars determined from fatizco tests 
: ’ suall models choald to used for the actus) dotermination of design 
ads in the Malisealo paz’, ouly when the aise effects for the mterial 
» invegtigatlen are imow.e 


OR OF PR AP ELS gM RP! BT 


1. Conduct sindlor tests in wileh the size of the speeimen Ja 
B Yordahlo paraneter. 
Ze Corduct siniler fatigue tests of the model in the R. k. MOORE 

type of testing nueline. 
é 3. Investigate the effects of surface rolling, wilerstrossing, 
overstrocsing, ond shotepeening on the fatigue lifo of clallar 
specinens. 

| Se Continue any of the above investigations to approximately 
100,000,CO0 cycles, Such investigations will not be cractical wiless 
en axial leading fatigue uachine with « much greater speed than 1800 
Gyeles por wlnute is developed. 
| 5. Investigate the design of a fatigue testing nachine in 
which the two spoginen grips move within fizwd slides, thereiy 
@liminating bending aml torsicnal interferences. 
6. If further teste sinilar to the one deserided in this 


ye in 


roport are pehaevtnd: a redesign of the holding Jic ia nosassary. 
Although a preliminary strength cheak of the Jig was made, it ws 
apparoms thot several of tho somponents were svom-stressad, The oan 
Ting wos not rigid onouch, avi there was no wy in vhich smiferm 
Mamping wrscsres gould be cltalrod., It would be desirable te miko 
the cap ring festentines bolte san 032. the wy through the hese 
easembly, Trts would pernit ricranstor moesumoment of the belte ubich 
fn then wold olioltfy unlforr, bolt vrocmures. AL pate of the jig 
ahould be neve of hich-strongth stool with réoqnte heat~trentrc:t. 
7, Conduct a theoretical investigation of the stress dis- 
tribution in the oritien! section br e rolamtion method, 
a, Make o threodimensions] pistoelnastie sty of the model 
4n witch partievlor attention is raid to the vortion of the bese 
flange affected ty the clamping pressure on the top of the flange. 
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TABLE I 


PROPELLAR BLADE SPECIMENS 
FATIGUE TEST RESULTS 


= 0 


ine diness 
Max, tress 
(Loads in iba.) 


a 
Pa ae lreedtl 


TABIE Taf 
(STRESSES) 
Ali stresses in psi (tonsion) 


Variation fron 
Machine Indisated [% 
| ae 


a3 


TABLE IT 
RESULTS OF FATIGUG TESTS WITH VARYING MINIMUM STRESSES 


Test iiachine: Sonntag Universal Fatigue Testing iiachino 
_-Specinenss V/loth scale propeller blade nodels 


Surfaco Finishs § nieroinches 
Speed of Leading: 1500 eyolos per minute 


Test Results 
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TARLZ IIT 
R, R. MOORE FATIGUE TEST RESULTS 


Materials 768-T Alunimm Alloy 
aohAno s Kk. Re NOGRE fatigue Testing Machine 


Machdne Speeds 10,000 RPi 
Speeimen Designs Standard R. R. MOONE (Reference 3) 
Surface Finish: 5 micerodinehes 


30 ,000 ,000 
82,000,000 


i 10 
2 10 
2 10 
4 10 
5 10 
6 10 
v4 10 
S 10 
9 20 
16 10 


Stress & 755 xzW 
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TABLE IV 


STRESS CONCE:TRATION FACTORS TOR PROPELLER BLADE MODELS 


1 
2 
3 
3 
4 
8 
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Figure) 1. 


Failure of Wind Tunnel Propeller Blade. 
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Specimen Mounted in Holding Jig. 
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Test Set-up 


Figure 8. 


Specimen Mounted in Multiplying Fixture 


igure 9. 
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Figs? 
Wiring, Diagram of Sfrain” 


M = Golvanomelér 

5) -Ig = Channe/ Kovring 

37 =4vsh B -Aticro Zype (Norm. Open) 
53 = 2Fole -6 Pos Chenne/ Se/ecior 
59= Galv. Swi7Tch 

O, = Ext Polentiometer 

O, = Output 7o Heiland 


lI 


&, = 80,000 ohm He/ipot 
R> = 10,000 ohm [eae on all Channels 
R3-Rya.= Chosen Fo ge critical damping 
for Heiland Element oséd 
R52 Calibration Resistor 


Rs =Compensating Sirain Gage 

Rs,- Achve Sirain Gage 

Re = 5000 ohms / Walt 

J, -5,= Stevens Arnold AV//15eéC yy #72 (Norm. Open) 
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Figure ll. Specimens After Failure. (Top View). 


-igure 12. Specimens After Failure. (Side View). 


Figure 13 -- Typical Heiland Record 
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APPENDIX IT - STRAIN FORMULA 


ek 


Frec/s/oh Resistors 


Active’ ®, 


a 


= EE () Ry = Original gage ress7ancés (no load) 
Oe ge Gage resislances efter soading 
(3) 1; = Original gage currenmss (ho Lad) 
(I;+Gage currents atter foading 
)E/-Vo/lages across gages (ho oad) 
@)E/=Voltages across gages after soading (/=/,2) 


(WE+ Sfrain (inches perinch) 
(8)4AE= Vé/lage Change across aechve gage after 


loading as measured by polenliometer 


(LA f2) 


Deriyanon: 


é, =E2 

GF = Ss nee 5, 
aie? me 
Zz 

Rt Ey 
x 

T,- €3 
R 2 

bef, 7AE 

fare, ae 


Derivation: 


AR,=K,-R, 
fe, = AE 
a ee 


Ameen AL HK, 7 AR CET 5 AE) 


tk, Me = AR, + & OE (E/minating second order terms) 
PAE Fo) = Lk, Los Ak, “(GFR ) CE) 
BAA en(GF) (E)( 45) 
fa t BALE 
(GF) (E>) 
bot £5 + Satlery Vollage 
E= ae yy Mai) a +“ xo 7) Mithvolts 


(Gage Factor) (Baltery Y/fage) (CF) (BV) 
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Me: Correlation of fatigue data to determine 
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